INTRODUCTION
Despite a very extensive literature there is as yet no general consensus on the nature of η Carinae and the cause of the Great Eruption (c. 1838 -1858) (see Morse et al. 1999 and Humphreys 1997 for recent summaries). The present paper is the third in a series reporting observations of this object. The earlier papers are Whitelock et al. 1983 (henceforth Paper I) and Whitelock et al. 1994 (henceforth Paper II). Paper I reported and discussed infrared, JHKL, photometry of the object in the years 1972 to 1982 as well as optical and infrared spectroscopy. Paper II continued the photometric series up to 1994 and showed that, besides a gradual increase in brightness over the entire time interval 1972 to 1994, there was evidence for variations on a time scale of about 5 years. This was probably the first convincing evidence for periodicity or quasi-periodicity in the system. Damineli (1996) combined these data with observations of the variations in the He i 10830A emission line and other spectroscopic results in the literature to suggest that there was a rather stable periodicity of 5.52 years. Later Damineli et al. (1997) found evidence for a variation in the radial velocity of Paγ emission in this same period. They interpreted this as showing that η Car was a spectroscopic binary in a highly eccentric orbit and they suggested that various phenomena were associated with periastron passage (see also Damineli et al. 2000) . However, Davidson et al. (2000) report HST observations of the central object, which is not resolved from the ground. These do not confirm the velocity behaviour predicted by the Damineli et al. orbit . In the present paper we report an examination of spectroscopic material, particularly that collected by A.D. Thackeray over the years 1951 to 1978, and also give the results of the continued monitoring of η Car in JHKL. We discuss these data, as well as published material, with particular reference to the light they throw on the periodicity and nature of the object. Gaviola (1953) found that there was a marked difference between a spectrum of η Car taken in 1948 and those taken in 1947 and 1949 . He i, [Ne iii] and various other emission lines of above average excitation were missing in 1948. A similar low excitation event was found to occur in 1965 (Thackeray 1967 , Rodgers & Searle 1967 ). Paper I reported that the object was again in a low excitation state in 1981 at a time when JHKL were near maximum brightness in the ∼ 5 year cycle. In the present section we discuss all the spectroscopic studies since 1947 relevant to the high/low excitation state which are known to us, including three previously unreported low states seen on plates taken by A.D. Thackeray.
PERIODIC SPECTROSCOPIC VARIATIONS
Thackeray obtained a large number of spectra both of the 'central object' (as seen from the ground) and portions of the surrounding (bipolar) 'homunculus' and other nebulosity. He published discussions of only a small part of this material though it seems likely that had he lived he would have consolidated his work on this object as he did in the case of RR Tel (Thackeray 1977) . There are two main series of his (photographic) spectra. One of these was with the two-prism Cassegrain spectrograph on the Radcliffe (now SAAO) 1.9m reflector. This began on 1951 April 12, soon after the spectrograph was installed and continued, with intermissions, till 1978 February 15, a few days before Thackeray died. The other series, with the coudé grating spectrograph on the same telescope extended from 1960 May 16 to 1974 January 8. All these plates are now in the archives of the SAAO and have been examined. Table 1 lists only those spectra of the central object which are suitable for determining whether it was in a high or low excitation state.
It was found that the spectra could be readily classified using a hand lens and/or a Hartmann spectrocomparator. In this classification one is concerned with the sharp emission lines, not the broad emission lines which underlie many of them. The excitation state was judged using some or all of the following line ratios; 4471He i/ Damineli's (1996) work indicates that the equivalent width of 10830He i varies continuously through the 5.52 year cycle as does the JHKL brightness. It may be somewhat surprising therefore that it was possible on the basis of the above criteria to classify the sharp-line spectra unambiguously as belonging to either the normal (high excitation) state or the low state. However, the 10830He i does not necessarily arise entirely in the same region as the sharp line spectra. Furthermore, as the referee has pointed out to us, the time interval over which 10830A practically disappears is relatively short and well defined. There is only one spectrum (Cb1567) in which the ratio 4471He i/4475[Fe ii] suggests a possible intermediate state and even this is somewhat uncertain. This is not to say that all the spectra assigned to a particular state are identical. Differences between such spectra are suspected and indeed were already noted between the high states of 1947 and 1949 by Gaviola (1953) . However, any such differences are minor compared with the high/low state differences. Table 2 lists other post-1947 results on high/low states from the literature. In Tables 1 and 2 the date is given, as well as the cycle and phase of each spectrum (φ), based on the relation;
Where JD is the Julian date. This uses the period and date of supposed periastron passage (≈ time of conjunction) in the orbit of Damineli et al. (2000) . We test this period below. In view of the work of Davidson et al. (2000) which was mentioned in the Introduction, one is not constrained in adopting any specific interpretation of the adopted zerophase. At least initially, it can be considered as simply a convenient reference point. In a few cases Table 2 shows that only the year and month of the observation were published. The phase given then corresponds to the middle of the month. The phase is thus uncertain in these cases by ∼0.007. In no case is this of significance in the discussion. 6 Bidelman, Galen & Wallerstein (1993 ) 7 Damineli et al. (1994 8 Paper I 9 Hillier & Allen (1992) 10 Altamore, Maillard & Viotti (1994) 11 Damineli et al. (1998 ) 12 McGregor, Rathborne & Humphreys (1999 13 Wolf et al. (1999) The data from Tables 1 and 2 are shown plotted in Figs. 1 and 2. Fig. 1 shows all the data whilst Fig. 2 shows the data for phases 0.8 to 0.2 on a larger scale. The numbers are modified cycle numbers to avoid changing the cycle at phase zero, in the middle of the low state. Thus, for example, spectra with phases between 3.5 and 4.5 in the tables are plotted as cycle number 4. The plot is clearly consistent with the recurrence of the low excitation state in a periodicity close to that proposed by Damineli et al. (2000) (which is, of course, partly based on some of these data). In particular the three previously unreported low states in Thackeray's data (1953 Thackeray's data ( -4, 1959 Thackeray's data ( , 1970 which are plotted as cycles 2, 3 and 5, fall in the same phase range as the previously known low states. No low states have been found between phases 0.1 and 0.9.
Detailed examination of Fig. 2 shows that the phenomena do not repeat exactly. There is a high state (cycle 10) at phase .067 whilst there are low states at phase .080 (cycle 7) and .086 (cycle 2). If one adjusted the period to remove this apparent anomaly then the high excitation point in cycle 10 at phase .958 would be moved to a phase greater than the low excitation point in cycle 7 currently shown at phase .977. Some caution is necessary in this discussion since the criteria used (or their application) may not have been exactly the same for all the spectra, especially for the results of different authors which are taken from the literature. Note that the intermediate point in Fig. 2 at phase .929 (cycle 2) is the only spectrum in Table 1 which suggests an intermediate classification. This depends on a 4471He i/4475[Fe ii] estimate of low weight. λ4471 is present (in a low state it is absent on these spectra) and it is quite possible that the spectrum should actually be classified as in the high state. Leaving aside this intermediate point, the low state points in cycle 7 show that some, and perhaps all, low states extend over a phase range of at least 0.1. However, the high excitation phase points in cycle 10, if typical, show that the low state phase range cannot be significantly greater than this. Bearing in mind some possible variation from cycle to cycle, we may conclude from Fig. 2 that the low state extends from phase ∼ 0.970 to phase ∼ 0.085 and is centred at phase ∼ 0.025 which is about 50 days after periastron in the Damineli et al. (2000) supposed orbit. The results of this section are further discussed in section 6. Walborn & Liller (1977) have discussed early (19th century) objective prism spectra of η Car. Particularly important is the 1893 spectrum which shows an F-type absorption spectrum. The first known slit spectrum was obtained with the McClean (Victoria) telescope at the Cape in 1899 and was described by Gill (1901) . This is listed in Table 3 together with two plates (also with the McClean telescope) of 1919 discussed by Lunt (1919) , plates of 1912-1914 from the Lick Southern station (Moore & Sanford 1913) and three Cape (McClean) plates of 1923. The 1899 plate could not be located but is reproduced in Gill's paper. The two 1919 plates are in the SAAO archives and were examined (one is reproduced in Lunt's paper). The 1923 plates are recorded in the McClean plate book but are missing from the archives. They do not seem to have been described in print. The SAAO archives also have glass copies of the 1912-14 Lick plates including one well exposed plate not discussed by the Lick workers. These glass copies were apparently sent by G. Herbig to A.D. Thackeray.
EARLY SLIT SPECTRA
The Cape 1919 plates and three of the Lick plates are of good quality, as can be seen in the reproductions of some of them in the references cited above. The spectra are striking in that although they are generally similar to the more recent ones described in section 2, they all have 4471He i missing and can clearly be classified as in a low excitation state. In the 1919 plates it is possible that 4658[Fe iii] is weakly present, but this is not certain. Gill's (1901) that Gill's wavelengths are ∼ 2A too small so that the true wavelength of the line is ∼4473.3. Aller & Dunham (1966) measured emission lines in a 1961 spectrum at 4472.9 Fe ii (Intensity 4) and 4474.9 [Fe ii] (Intensity 9). It is likely that Gill's '4471' is a blend of these lines, especially as the ratio Fe ii/[Fe ii] was probably greater in Gill's time than in 1961 (see section 4). Table 3 shows the phases of the early plates using the Damineli et al. (2000) elements (equation 1). It is clear that these are incompatible with the restricted phase range of low excitation states shown in Fig. 2 . It would require a large period change (to ∼ 2150 days) to change the phase of the 1913-19 observations to near zero and this would be inconsistent with the discussion in sections 2 and 5 and with the 1899 spectrum.
We can conclude that whilst the low excitation states have occurred regularly every ∼2020 days for the last 50 years at least, the situation was quite different 30 years before that. It seems reasonable to assume that at these earlier times the spectrum of the central object as viewed from the ground was always in the low state. This result, together with the secular trends noted in the next section must obviously be taken into account in any complete model of the system.
Note that Gill (1901) also describes an objective prism Baxandall (1919) and Lunt (1919) noted differences between the Cape spectrum of 1899 and those of 1912-14 (Lick) and 1919 (Cape). Using modern identifications these indicate that the Fe ii/[Fe ii] and Ti II/Fe ii emission line ratios were greater in 1899 than later. Thackeray (1953) noted that Ti ii emission was weaker in 1951-53 than in 1919. he also noted (Thackeray 1967 ) that in 1961-5 Ti ii absorption was stronger than in Gaviola's 1949 observations.
LONG TERM SPECTRAL CHANGES
It was shown in Paper I that 2.06µm He i emission was stronger in 1983, at phases 0.924, 0.950, and 0.082, than in the 1968 observation of Westphal & Neugebauer (1969) at phase 0.646. Since Damineli (1996) shows that the equivalent width of 10830 He i emission is a minimum near phase zero, one would have expected the opposite unless the strength of He i were increasing with time. This together with the results of the last section suggest a secular increase in the strengths of high excitation lines (He i etc.). Other evidence for this is briefly summarized by Damineli et al. (1999) .
In contrast, Paper I also showed that the equivalent width of Br γ was about the same in 1981 as 1968. Damineli et al. (1997) found that Pa γ varied little in strength with respect to the continuum in the 2020 day cycle. These results suggest that the hydrogen emission varies with the continuum both in the cyclical variations and with a secular trend. Note, however, that Aitken et al. (1977) who observed at phase 0.08 in 1976 found Bγ to be only half the strength of that found in Paper I at about the same phase in 1981. This might be due to the fact that Aitken et al. used a much smaller aperture (3.4 × 4.8 arcsec) than either Westphal & Neugebauer or Paper I; although in Paper I no difference was found between observations though apertures of 12 and 36 arcsec.
INFRARED PHOTOMETRY
Monitoring of η Car in JHKL at SAAO in the period 1972-94 established a quasi-cyclical variation with a period of the order of 5 years superposed on a secular increase in brightness (see Paper II). Table 4 contains the results of a continuation of this series of observations for the period 1994-2000. As in all recent work in this series, the observations were made with the SAAO MkII photometer on the 0.75m reflector at SAAO, Sutherland and using a 36 arcsec diaphragm. The individual results are accurate to better than ±0.03 in JHK and ± 0.05 in L. The results are in the system defined by the standard stars of Carter (1990) . Fig. 3 shows the photometry for the period 1972-2000. The secular increase in brightness has continued and its rate has increased (see ). This long term brightening is most marked at J. The maximum in the 2020 day cycle expected near 1998.0 is not seen in JHK. In fact, the light curves peak only in early 2000 where this data set ends. This can be plausibly attributed to the increased rate of secular brightening. Perhaps the most striking feature of the light curves is the marked dip near 1998.0 which was originally noted by Whitelock & Laney (1999) . This is illustrated in more detail in Fig. 4 . The minimum of this dip occurs between JD 2450809 and 2450824 and is evidently within a few days of JD 2450815. This is at phase 0.977 or 46 days before zero-phase on the Damineli et al. elements (equation 1). Fig. 5 compares the region near zero-phase in this cycle (cycle 10) at K with the observations in the two previous cycles. Unfortunately the observations are sparse at these earlier epochs. Nevertheless, there is a drop in brightness consistent with the beginnings of a dip in the cycle 9 data and of an emergence from a dip in the cycle 8 data. In cycle 7 there is a gap of more than 180 days in the data at the crucial phase and before that the data are too sparse to use in identifying dips. The predicted minimum in cycle 8 is at JD 2446775 which is in fact the date of the faintest point in this cycle. Thus if the dip occurs with strict regularity the period cannot be less than 2020 days. The predicted minimum in cycle 9 is at JD 2448795, whilst the faintest point is at JD 2448783. Thus the period cannot be made longer by more than 12 days at the most. It may therefore be concluded that although the data are rather sparse except in cycle 10, the evidence from cycles 8 and 9 indicates that the dip does occur regularly with a period close to 2020 day. Note that although the above discussion refers to the K magnitudes the results are the same in the other three colours.
Since the L magnitude is less affected by the secular trend than JHK, one can more safely look at the 2020 day variations at this wavelength. Fig. 6 shows the L data folded on this period with a linear trend removed and with a third order sine curve fitted. The scatter (σ = 0.042 mag.) apparent in this plot is partly real and partly observational. The fitted curve is relatively flat except for a 'hump' between phases ∼ 0.7 and 0.2, which also contains the dip.
The dip shown by the infrared observations (Fig. 4) is at about the same phase as that shown by the X-ray observations (Ishibashi et al. 1999 ). The principal difference being that the X-ray dip is much deeper. The dip in J begins about 35 days (0.017 of a cycle) later than that in the X-rays and coincides with the phase at which the X-rays reach minimum. Note that the epoch of minimum increases slightly with increasing wavelength through the infrared as can be seen from Fig. 4 . This together with the X-ray results suggests a possible general dependence of the phase of the dip on wavelength. However, the effect in the infrared may be due, at least partially, to the steeper secular increase in brightness at the shorter wavelengths. There is also a small dip in the visual light curve (van Genderen et al. 1999) , though the relevant epoch is not well enough sampled to define its depth and shape. Fig. 7 shows the L light curve for phases 0.8 to 0.2 with the linear trend and the third order sine curve shown in Fig. 6 removed. The dip is seen to extend from phase ∼ 0.96 to ∼ 0.06. The centre of the dip is at phase ∼ 0.01 and the deepest point at phase 0.977 (the point shown at this phase in Fig. 7 is from cycle 8 at JD 2446775). The asymmetric shape of the dip (steep drop, slower rise) is qualitatively similar to that shown by the X-rays (Ishibashi et al. 1999 ). 
Periodic Variations
The interpretation of data on η Car is complicated by the fact that different types of observation often refer to physically separate regions of the object. Optical aperture photometry refers mainly to the integrated light from the homunculus. This light is believed to be dust-scattered radiation from the central object. The mid-infrared (∼ 10µm) radiation is mainly dust emission from the homunculus. Near infrared (∼2µm) radiation comes from a region much more concentrated to the central object than the optical light. The rich, sharp, emission line spectrum which is so prominent on ground-based slit spectra of the central region and shows the high/low excitation states discussed above, has been found from HST observations ) to come, not from the central object itself, but from nebular knots (their B, C, D) about 0.2 arcsec away.
The new epochs of low excitation reported in section 2 together with those already known are clearly consistent with the periodicity of 2020 days suggested by Damineli et al., at least over the last 50 years. As already noted, Damineli et al. (1997) found radial velocity changes in the Paγ line which they suggested were due to motion of a star (the primary) in a highly eccentric binary orbit. In this orbit periastron is within 0.001 of inferior conjunction. Davidson et al. (2000) point out that much of the emission observed in Paγ from the ground comes from surrounding nebulosity, not the central object itself. Their HST observations at two epochs do not support the Damineli et al. orbit. Despite the results of Davidson et al. (2000) , a binary model of some kind is still probably the most satisfactory explanation of the 2020 day periodicity. Such a conclusion is supported by the infrared and X-ray dips which seem to point to some sort of eclipse phenomenon. Whitelock & Laney (1999) noted that that the infrared light curve bore a rather striking qualitative resemblance to the optical light curve of some classical cataclysmic variables where a dip is superposed on a 'hump' in the light curve (see section 5 and Fig. 6 of the present paper). In these systems much of the light is due to a hot spot on a disc around a white dwarf; the spot being heated by infalling matter from a secondary star. The hump is due to the varying aspect of the spot as it moves in the orbit and the dip is due to its eclipse by the secondary. The infrared (Fig. 7) and X-ray (Ishibashi et al. 1999 ) light curves of η Car even show evidence of a two step structure similar to that seen in the eclipse light curves of some cataclysmic variables (e.g. Z Cha, see Cook & Warner 1984) . In the case of η Car the 'hot spot' could either be on a disc or else be a hot region in an interacting wind model and the eclipse due either to an optically thick plasma or a star. This type of model does not necessarily require an eccentric orbit. It remains to be determined how much the 'hot spot' contributes to the total luminosity of the system. The depth of the eclipse shows that at least 20 percent of the near-infrared flux and essentially all of the X-ray flux is generated in the 'hot spot'. has suggested that the modulation of the near infrared flux in the 2020 day cycle is due to variation in free-free emission. This is evidently consistent with a 'hot spot' model. Smith & Gehrz (2000) find, from high resolution images, that the flux near 2µm was more centrally concentrated when the object was brighter at this wavelength, though it is not entirely clear how much this is related to the 2020 day periodicity and how much to the secular variations. The sharp emission-line spectrum, coming from a region separated from the central object, is presumably at least partially excited by radiation from the 'hot spot'. This spectrum will thus vary, in the 2020 day cycle, according to the relative positions of the spot (and/or its intensity) and the excited region. Hence the orbit must be eccentric, unless the ejecta responsible for the sharp line spectra are distributed asymmetrically about the central object. Davidson et al. (1997) show that the ejecta (C,D) are moving towards us relative to the central object indicates that this latter condition is fulfilled.
It would appear to be significant that the phase and duration of the eclipse is the same as that of the low excitation state. Any phase offset between the two is quite small. The X-ray flux which is being eclipsed is presumably generated in the 'hot spot', the sharp emission lines come from a region separated from this. The infrared flux may come from either or both these regions. The similar lengths of the eclipse and of the low excitation state imply that the emission-line region can only subtend a small angle as seen from the central source. Furthermore, the fact that these two phenomena occur at the same phase indicates that the direction from the central source to the emission-line region(s) can only make a small angle with the line of sight from the central source to the observer. Davidson et al. (1997) show that the emis- o to 40 o which makes it more difficult to maintain an eclipse model with the orbit in this plane.
We have stressed the hot-spot model because the observed light curve is strikingly similar to that of a cataclysmic variable, though on a vastly different scale. Evidently this model must remain speculative pending a quantitative approach. The referee has in fact suggested that one should consider an alternative model in which the spectroscopic low states etc. are the result of a secondary star entering a circumstellar disc round the primary or else inducing sudden mass ejection from the primary.
Secular Variations
The gradual brightening of the η Car system over much of the 20th century has generally been attributed to a gradual decrease in reddening as the dust formed in the great eruption dissipates. Whilst this seems plausible as a general explanation, the details are undoubtedly complex. Over the last 30 years, at least, the object has brightened by about the same amount in JHK as in the visual region and this has suggested a large-particle model (neutral extinction). However, the visual brightness, as normally estimated, is dominated by scattered light from the homunculus whereas the JHK emission is more concentrated to the central object. It is not entirely clear how the visual brightness of the homunculus will change as it expands and both absorption and scattering decrease. The recent increase in the rate of brightening ) is in any case incompatible with a simple model of decreasing absorption due to the steady expansion of a dust shell. Furthermore it is striking that this increase is similar in the visual and near infrared. It remains possible that some of the observed variations are due to changes in the central engine itself, as suggested in Paper I, and this would seem possible on a 'hot spot' model.
That the brightening is not simply due to the clearing of obscuration is also evident from the fact that there are long term physical changes in the system. Not only is the homunculus expanding, but the ejecta which contribute the sharp-line spectrum are moving away from the central object and are undergoing long term changes which were reviewed in section 2. The secular increase in the strength of He i reflects an increase in excitation. The evidence also suggests an increase in [Fe ii]/Fe ii between 1899 and 1913 which presumably indicates a decrease in density in the emitting region. This ratio does not seem to have changed significantly since 1913.
CONCLUSIONS
The photometric and spectroscopic results discussed in this paper seem most naturally explicable by an interactingbinary model of some kind. A binary model involving a 'hot spot' is basically that proposed originally by Bath (1979) ; though the long period presumably indicates that in the case of η Car, the interaction involves a stellar wind from at least one of the stars rather than Roche-lobe overflow. It is evident that a full quantitative model of the η Car system is still a matter for the future. However the results of the present paper provide considerable constraints for any such model.
